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ISOMERIZATION  OF  ISOCYANATES  IN  THE  PRESENCE  OF 
TETRABUTOXYT ITANIUM 


L.F.  Tugolukova,  E.K.  Ignat'yeva, 

Ye.V.  Kuznetsov,  V.N.  Petrova 

It  is  kr.owr.  that  hexylisocyanate  in  the  presence  of  a  catalytic 
amount  or  tetrabutcxy  titanium  forms  a  t  rimer.--  [  1  Ip  It  was  interesting 
to  investigate  the  behavior  of  di isocyanates  in  the  presence  of 
tetraaicoxy  titan  tun*. 

2,4-tcluyler.  e-  and  1,6-hy.xamethylenediisocyanate  were  taken  as  the 
di isocyanates  .  The  trimei  of  2 , 4 - t o 1 uy lened i i socy ana t e  (2,4-TDI)  was 
obtained  in  the  presence  of  tetraalcoxyti tanium .  During  prolonged 

storage  it  is  polymerized,  losing  its  solubility.s  The  formation  of  the 

\ 

tnmer  proceeds  i n  the  following  sequence  ! 


//CO 
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The  most  reactive  isocyanate  groups  in  position  4  participate  in 

\ 

reaction.  The  fo  1 1-ow-i-ng  polymerization  evidently  takes  place  due 


to  the 


isocyanate  groups  which  are  found  in  position  2. 


The 


reactivity  or  this  isocyanate  group  is  lowered  by  a  substituent  in  the 
ortho-posi  t  ion.-|f5^  .  In  the  case  of  an  equimolecular  correlation  of 

V' 

these  components  it  was  not  possible  to  obtain  NCO-substituted 
polyurethane.  In  this  case,  just  as  in  the  first,  the  trimer  of 
to  luy  1  ened  1  is|ccy  ana  t  e  is  formed  with  a  satisfactory  yield. 
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An  increase  in  the  amount  of  tetrabutoxytitanium  leads  to  a  more 
rapid  flowing  of  the  reaction.  The  trimer  is  formed  instantaneously. 
The  tetrabutoxytitanium  which  does  not  enter  into  the  reaction  of 


2,4-TDI  was  separated  in  the  form  of  the  condensation  product 


polybutoxy titan i u r  oxane,  which  is  a  viscous  mass  which  transforms 
during  r ep r eo l p ± t a t l on  into  a  solid  product  with  a  content  of  up  to  83% 
titanium  d  :•.>■.  u  -  E 1  er.er.t  analysis,  data  of  IF -spect  roscopy  and  the 
quantitative  ccr.ter.t  of  isocyanate  groups  confirm  the  proposed 
structure  of  the  trimei .  In  the  IR-spectrum  of  the  trimer  2,4-TDI  a 
band  of  ats::  p  tier,  at  172  0  ct.*'  is  formed  which  corresponds  to  the 
carbonyl  of  the  isocyanurate  ring.  This  agrees  well  with  data  in  the 
literature  [3].  The  band  of  absorption  at  2216  cm-*  corresponds  to  the 
isocyanate  group. 


Hexame thy  1 ened i i socy ana t e  ( GMD I  )  is  polymerized  under  analogous 
conditions.  The  trimer  was  not  separated,  since  in  aliphatic 
diisocyanates  the  reactivity  of  tne  isocyanate  groups  is  approximately 
the  same.  Their  mutual  influence  is  not  very  noticeable  [2].  The 

polymer  is  evidently  ferred  through  the  stage  of  formation  of  the 


trimer  : 


3  0CN(CHi\HCO 
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The  free  isocyanate  groups  again  enter  into  the  reaction  of 
tr imerization ,  etc.  In  this  case  initially  a  branched,  and  then  a 
cross-linked  polymer  of  isocyanurate  structure  is  obtained.  Some  of 
the  isocyanate  groups  do  not  enter  into  the  interaction  as  a  result  c£ 
st eric  obstacles.  lets  from  IP-spectroscopy  testified  to  tne  presence 
in  the  polymer  of  a  carbonyl  group  of  the  isocyanurate  ring  (1700  cm-1} 
and  an  isocyanate  group  (2216  c®"1 ) .  The  molecular  weight  of  the 
polymer,  determined  based  on  the  content  of  NCO-groups,  was  equal  to 
180C,  which  corresponds  to  approximately  p=10. 


Experimental  Section 


T r ime r l za t l on  of  2 , 4-toluylenediisocyanate  (2,4-TDI). 

a)  5.22  ( C . 0 3  moles)  of  2,4-TDI  and  2  drops  of  tetrabutoxytitanium 

were  sealed  up  in  an  ampoule  and  held  at  room  temperature  for  four 
days.  The  reaction  began  immediately  after  the  catalyst  was  added, 
which  was  expressed  by  a  change  in  the  coloring  of  the  reaction 
mixture,  by  an  increase  of  its  viscosity.  On  the  fourth  day  the 
reaction  mass  was  completely  crystalized  out.  Sometimes  a  transparent 
block  was  formed.  The  trimer  was  purified  by  reprecipitation  from 


chloroform  by  diethyl  ether. 


Found,  %  :  C  -  63.33;  63.92.  No.  15.06;  14.52. 

Calculated,  %:  C  -  62.07;  No.  16.09. 

b)  10.2  g  (0.03  moles)  of  t e t r abu t oxy t i t an ium  was  placed  in  a 
three-neck  flask  equipped  with  a  mixer,  a  dropping  funnel  and  a 
thermometer.  5.22  g  (0.03  moles)  of  2,4-TDI  in  a  current  of  nitrogen 
were  added  dropwise  to  it  slowly  while  mixing.  Immediately  a 
crystalline  product  began  to  form  -  the  trimer  2,4-TDI.  The  reaction 
proceeds  with  the  liberation  of  heat.  The  temperature  of  the  reaction 
mixture  was  raised  by  18°C.  Further  the  reaction  mixture  was  held  for 
24  h  at  room  temperature,  after  which  it  was  processed  with  several 


batches,  of  diethyl  ether.  A  large  share  of  the  mixture  was  dissolved. 
4.6  g  (86%)  of  trimer'  2,4  TDI  remained  in  the  precipitate. 

Found,  % :  C  -  62.10;  62. 2C.  No.  17.29;  17.44. 

Calculated,  %:  C  -  62.07;  No.  16.09. 

A  viscous  mass  was  separated  from  the  ether  and  after 
reprecipitation  it  hardened. 

The  yield  of  solid  product  was  2  g,  which  is  72%. 

Found,  %:  C  -  9.61;  9.04.  H  -  3.15;  3.29;  Ti02  83.62;  83.10. 

Calculated,  %:  C  -  9.60;  H  -  1.3;  Ti02  -  88.9. 

Polymerization  of  h ex a m e t hy 1 e ned i i socyana t e .  4.54  g  (0.027  moles) 

of  GMDI  and  2  drops  of  t e t r abu t oxy t i t an i urn  were  sealed  in  an  ampoule 
and  held  at  room  temperature  for  10  days.  A  transparent  block  of  the 
polymer  hexamethylenediisocyanate  was  formed.  The  polymer  was  ground 
into  powder  and  washed  with  several  batches  of  ether. 
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Found,  %:  Nc .  16.82;  16.44. 
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Conclusions 
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1.  Te t r abu t ox y t i t an ium  catalyzes  the  reaction  of  trimerization  of 
toluyleneisocyanate  independent  of  their  correlation. 
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2.  Hexame t hy 1 ened i isocyana t e  in  the  presence  of 
tetrabutoxy  titar.iun  forms  a  polymer. 


i&i 

i 

$ 

IV4 

IS 

| 

; 

V 

1  l; 


References 


l.laaMso  T.M .,  Rey„oSds  D.  D.  1  Jim  &tm.  Soc 

TO.  *  21,  5717,  1957.  ' 

2. C8yHnep3  U.,ipM  K.K..  Xkiuw  dojih- 

ypeTaHOB.  -Xbmm",  M.,  i960. 

3.  AHyxtiHB  H.H.,.  Kouoia  H.B.,  H  a  - 

4  4  0  °  *  K‘B**  I.H.  -OpoMouMBoey* 

CBHretMecKoro  RayyyKa",  ran .2,  18,  1966. 


DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TD  RECIPIENT 

ORGANIZATION  MICROFICHE 


A205  EMAHTC  1 
A210  EMAAC  1 
C509  BALLISTIC  RES  LAB  1 
C510  R&T  LABS/AVEADOCM  1 
C513  ARRADCCM  1 
C535  AVRADOCIVISARCaM  1 
C539  TRASANA  1 
C591  FSTC  4 
C619  MIA  REDSTONE  1 
D008  MISC  1 
E053  HQ  USAF/INET  1 
E404  AEDC/DOF  1 
E408  AFWL  1 
E410  AD/IND  1 
E429  SD/IND  1 
P005  DOE/ISA/DDI  1 
P050  dA/OCR/ADD/SD  2 
AFTT/IDE  1 
FTD 

CCV  1 

mia/fhs  1 

LLYL/OODE  Ir-389  1 
NASA/NST— 44  1 
NSA/T513/TDL  2 
ASD/FTD/TQLA  1 
FSI/NIX-3  1 


